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PREFACE 


The objective of PHYSICAL PROPERTIES OF HYDROCARBONS AND CHEMICALS, Volume 
3, is to provide the working engineer with all the essential data to design and run production facilities. The data 
are presented in graphs covering a wide temperature range to enable the engineer to quickly determine the 
information he needs at the desired temperature. 


The literature has been carefully searched for experimental data. When several sources give different 
values, the authors made a judgment as to the most reliable source. To enable the engineer to go back to the 
original article for additional information, the sources of all data are documented. 


For many compounds, experimental results are available only over a narrow temperature span. In these 
cases, estimation methods have been used to extend the data over a wider temperature range. When estimation 
methods are used, the method and expected accuracy are explained. Thus, the user is aware of the reliability of 
the graphical values. Reference to the original work is provided for those wishing to study the method further. 


The physical properties normally needed in design and production are vapor pressure, heat of 
vaporization, density, surface tension, heat capacity and thermal conductivity. For chemical reactions, enthalpy 
of formation and Gibb’s free energy of formation are helpful. Also, the boiling point, freezing point, molecular 
weight, critical properties, lower explosion limit in air and solubility in water are tabulated for each compound. 
This latter property data are helpful in safety and environmental engineering. 


Special attention is paid to improving the accuracy of estimation techniques. Improved methods of 
extending data and new experimental data are included. 


The SI and metric units are used for all properties except vapor pressure, both because these units are 
becoming increasingly used in production plants and because conversion is generally easier. Each graph displays 
a conversion factor providing English units. The temperature scale in all graphs is Centigrade. 


Robert W. Gallant 
Freeport, Texas 


Carl L. Yaws 
Beaumont, Texas 


DISCLAIMER 


This handbook presents a variety of thermodynamic and physical property data. It is incumbent upon 
the user to exercise judgment in the use of the data. The authors and publisher do not provide any guarantee, 
express or implied, with regard to the general or specific applicability of the data, the range of errors that may 
be associated with any of the data, or the appropriateness of using any of the data in any subsequent calculation, 
design or decision process. The authors and publisher accept no responsibility for damages, if any, suffered by 
any reader or user of this handbook as a result of decisions made or actions taken on information contained 
herein. 
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Chapter 1 


CARBON OXIDES 


Robert W. Gallant, Carl L. Yaws and Guy E. Fortier 


PHYSICAL PROPERTIES - Table 1-1 


Physical, thermodynamic and transport property data from the literature (1-65,192,193) are given in 
Table 1-1 for carbon monoxide and dioxide. Results from the DIPPR (Design Institute for Physical Property 
Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were consulted extensively 
in preparing the tabulation. 


The critical constants (temperature, pressure, volume and compressibility factor) have been determined 
experimentally. Additional property data such as acentric factor, enthalpy of formation, lower explosion limit in 
air and solubility in water are also available. The property data in the top and middle parts of the tabulation are 
helpful in process engineering. The property data in the lower part of the tabulation are helpful in safety and 
environmental engineering. 


VAPOR PRESSURE - Figure 1-1 


Results from the DIPPR project (5) were selected. These results are applicable for vapor pressure from 
very low temperatures to the critical point. Correlation of vapor pressure as a function of temperature was 
accomplished using the equation: 


InP = A+ B/T + ClnT+DT® (1-1) 


where P = vapor pressure 
T = temperature 


Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION - Figure 1-2 


Results from the data compilation of Yaws and co-workers (44,52) were selected. Data for heat of 
vaporization were correlated using the Watson equation: 


AH,,, = A(1- Te ea (1-2) 


vap 


where AH,,,, = heat of vaporization 


vap 


T. = reduced temperature, T/T. 


r 


Reliability of results is good with errors of about 5% or less. 


For the DIPPR project (5), data for heat of vaporization were correlated using a modified Watson 
equation with extended terms in the exponent: 


T 7D? ET 
MeL, oueaye ; r] (1-2a) 


LIQUID DENSITY - Figure 1-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected. A modified Rackett 
equation was used for correlation of the data: 


p= A pd . Te 


(1-3) 
where p = saturated liquid density 


T, = reduced temperature, T/T, 


Results from the correlation are in favorable agreement with data. Deviations are less than 3% in most 
cases. 
For the DIPPR project (5), a slightly different Rackett equation was used for correlation of the data: 
D 
eee 


(1-3a) 


SURFACE TENSION - Figure 1-4 


Results from the data compilation of Yaws and co-workers (44,55) were selected. Using data from the 
literature, surface tension over the full liquid range was achieved by the modified Othmer equation: 


c= A(eT)"” 


(1-4) 
where o = surface tension 
T, = reduced temperature, T/T, 


Accuracy is good with errors being about 10% or less in most cases. 


For the DIPPR project (5), surface tension was correlated by a slightly different Othmer equation: 


2 3 
i Set ee es gout | 


(1-4a) 


HEAT CAPACITY - Figures 1-5 and 1-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature: 


CoS Aa Bt Col a iy 


(1-5) 


where C, = heat capacity of ideal gas 
T = temperature 


Results are in favorable agreement with data. Errors are about 1% or less in most cases. 


For the DIPPR project (5), two different equations were used for correlation of the data for heat 
capacity of ideal gas: 


C, = A + B exp [-C/T”] (1-5Sa) 


C, = A + B [(C/T)/sinh(C/T)f + D [(E/T)/cosh(E/T)}? (1-5b) 


Results from the DIPPR project (5) were selected for heat capacity of liquid. Data were correlated with 
a series expansion in temperature: 


C= At BY +.Cil’ + D+ ET (1-6) 
where C, = heat capacity of liquid 
T = temperature 


Results are in favorable agreement with data. Errors are about 3% or less using the equation. To 
provide wider coverage, the temperature range was extended using thermodynamic principles. 


For the data compilation of Yaws and co-workers (44,59), the following equation was used for heat 
capacity of liquid: 


Ope Act Balt C dl. (1-6a) 


VISCOSITY - Figures 1-7 and 1-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data were correlated using the 
equation: 


Ache 
tle = (1-7) 
1+ C/T + D/T’ 


where Npas = Viscosity of gas 
T = temperature 


Results are in favorable agreement with data. Errors are about 5% or less in most cases. 


For the data compilation of Yaws and co-workers (31), a series expansion in temperature was used for 


viscosity of gas: 
fee S AB Pe C.D (1-7a) 


Results from the DIPPR project (5) were selected for viscosity of liquid. Data were correlated using the 
de Guzman - Andrade equation with extended terms: 


ln ee Bee in te (1-8) 


where Niiq = Viscosity of liquid 
T = temperature 


Correlation results and data are in favorable agreement with errors being about 10% or less. 


For the data compilation of Yaws and co-workers (31), a modified de Guzman - Andrade equation was 
used for viscosity of liquid: 


log y;, = A+B/T+CT+DT’ (1-8a) 


THERMAL CONDUCTIVITY - Figures 1-9 and 1-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data were correlated 
using the equation: 


A T® 
i= (1-9) 
1+ C/T + D/T’ 
where Xa; = thermal conductivity of gas 


T = temperature 
Reliability of results is good with errors of about 10% or less in most cases. 


For the data compilation of Yaws and co-workers (31), a series expansion in temperature was used for 
thermal conductivity of gas: 


ee ee eel ee De: (1-9a) 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. Data were 
correlated using the equation: 


Mie Ao Ba Ce Der ae (1-10) 
where A, = thermal conductivity of liquid 
T = temperature 


Results are in favorable agreement with data. Errors are about 3% or less in most cases. 


For the data compilation of Yaws and co-workers (31), a series expansion with less terms was used for 
thermal conductivity of liquid: 


Ae SAS Bol Gate (1-10a) 


liq 


ENTHALPY OF FORMATION - Figure 1-11 


Results from the data compilation of Yaws and co-workers (44,45) were selected. Data for enthalpy of 
formation of the ideal gas is a series expansion in temperature: 


AH,=A+BT+CT (1-11) 


where AH, = enthalpy of formation of ideal gas 
T = temperature 


Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 1-12 


Results from the data compilation of Yaws and co-workers (44,46) were selected. Data for Gibb’s free 
energy of formation of the ideal gas is a series expansion in temperature: 


AG= Aa BI? GT (1-12) 


where AH, = Gibb’s free energy of formation of the ideal gas 
T = temperature 


Results from the correlation are in favorable agreement with data. 


CORRELATION CONSTANTS FOR EQUATIONS 


The A, B, C, D and E in the above equations are correlation constants for the specific property under 
discussion. The correlation constants which have distinct values for individual compounds maybe used in the 
above equations to calculate the specific property value at the temperature of interest. 


Table 1-1 Physical Properties 


Lee Pere cerceo entire Perec eee: Carbon Carbon 
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7. Critical Compressibility Factor ............ 0295: 0.274 
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10) Boiling, Pomt\@ 1 atm, Ks... 81.70 194.67. 
(sublimation) 
11. Heat of Vaporization 
(GQUBIPA I/O g oie oe: Severe eacara ean: 215.55 wwe 
12. Density of Liquid @ 25 C, g/ml ......... ------ 0.711 
13. Surface Tension @ 25 C, dynes/cm .. ------ 0.588 
14. Heat Capacity of Gas 
RODS OE CBs eee ce racten rane een ater oh 1.041 0.844 
15., Heat aoe of Liquid 
(25) Cy Ii) UK adie ieee acco ee neces 5.000 
16. Viscosity of Gas 
(2S Crimicnopoisewte ee eet ee 176.78 149.70 
Te Gee of Liquid 
(@i25' CR CemU Poise eee =e 0.064 
18. Thermal Conductivity 
OlGasG@) 75eG sy ine ee 0.0251 0.0165 
19. Thermal pee 
of Liquid @ 25:C..W /mi Kos. .34406. === 0.0763 
20. Enthalpy of Formation of Gas 
CUPRA OM AY eo) lene een ae Nee ae -110.48 -393.50 
21. Gibbs Free Energy of Formation 
OL Gas G25 C ki mol =. -137.26 -394,38 
22 UlasheRoinits Kier 
23. Autoignition Temperature, K ............. 882.04 9 <scee- 
24. Lower ee Limit 
MATT, VON Com acmca nein meer ae i 6: 
Pay Be er Explosion Limit 
Toph Ole Cher aerhod are deste oie on T4.0 —— wannae 
26. Solubility in Water 
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Figure 1-2 Heat of Vaporization 
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Figure 1-3 Liquid Density 
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Figure 1-5 Heat Capacity of Gas 
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Chapter 2 


NITROGEN AND OXYGEN 


Robert W. Gallant, Carl L. Yaws and Randy J. McDonald 


PHYSICAL PROPERTIES - Table 2-1 


Property data from the literature (1-28,31,36,39,42,66-71) are given in Table 2-1. The critical constants 
(temperature, pressure, volume and compressibility factor) have been determined experimentally. Additional 
property data are also available. The DIPPR (Design Institute for Physical Property Research) project (5) and 
data compilations by Yaws and co-workers (31) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 2-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 1% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 2-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 2-3 


Results from the data compilation of Yaws and co-workers (31) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 2% in most cases. 


SURFACE TENSION - Figure 2-4 


The data compilation of Yaws and co-workers (31) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 2-5 and 2-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 


was accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 1% or 
less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The temperature range of 
coverage was extended using thermodynamic principles. Data were correlated with a series expansion in 


temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 3% or less using 
the correlation. 


VISCOSITY - Figures 2-7 and 2-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in favorable agreement with errors being about 5% or less except for oxygen (possible 25%). 


THERMAL CONDUCTIVITY - Figures 2-9 and 2-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 5% or less in most cases. 
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Table 2-1 Physical Properties 
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Figure 2-2 Heat of Vaporization 
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Figure 2-3 Liquid Density 


26 Baas 


20 


Nitrogen 


: mee ere ah 


= 


9340 -220 -200 -180 -160 -140 -120 -100 


Temperature, C 
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Chapter 3 


AIR 


Robert W. Gallant, Carl L. Yaws and Jack R. Hopper 


PHYSICAL PROPERTIES - Table 3-1 


Property data from the literature (5,8,11,13-18,20-27,39,42,101,102) are given in Table 2-1. The critical 
constants (temperature, pressure, volume and compressibility factor) have been determined experimentally. 
Additional property data are also available. The DIPPR (Design Institute for Physical Property Research) project 
(5) was consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 3-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 3-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 3-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. A modified Rackett equation, Equation (1-3a), was 
used for correlation of the data as a function of temperature. Results from the correlation are in favorable 
agreement with data. Deviations are less than 3% in most cases. 


HEAT CAPACITY - Figures 3-4 and 3-5 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 
was accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 5% or 


less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The temperature range of 
coverage was extended using thermodynamic principles. Data were correlated with a series expansion in 
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temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 5% or less using 
the correlation. 


VISCOSITY - Figures 3-6 and 3-7 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in rough agreement with errors being about 25% or less. 


THERMAL CONDUCTIVITY - Figures 3-8 and 3-9 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 5% or less in most cases. 
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Chapter 4 


OZONE 


Robert W. Gallant, Carl L. Yaws and Jack R. Hopper 


PHYSICAL PROPERTIES - Table 4-1 


Property data from the literature (2,3,5-8,13-17,26,27,36,37,102-107) are given in Table 4-1. The critical 
constants (temperature, pressure, volume and compressibility factor) have been determined experimentally. 
Additional property data are also available. The DIPPR (Design Institute for Physical Property Research) project 
(5) was consulted extensively in preparing the tabulation. 


Ozone is a very strong oxidizing agent. Precautions should be taken to prevent combustible materials 
such as oil, grease and similar substances. Ozone is a severe explosion hazard in liquid form when exposed to 
heat or flame. 


VAPOR PRESSURE - Figure 4-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION - Figure 4-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 4-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. A modified Rackett equation, Equation (1-3a), was 
used for correlation of the data as a function of temperature. Results from the correlation are in favorable 
agreement with data. Deviations are less than 3% in most cases. 


SURFACE TENSION - Figure 4-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy is good with 
errors being about 3% or less in most cases. 


22 


HEAT CAPACITY - Figures 4-5 and 4-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 


was accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 3% or 
less in most cases. 


Results from the DIPPR Project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The temperature range of 
coverage was extended using thermodynamic principles. Data were correlated with a series expansion in 


temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 3% or less using 
the correlation. 


VISCOSITY - Figures 4-7 and 4-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in agreement with data. Errors are about 10% 
or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 4-9 and 4-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is rough 
with errors of about 25% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 5% or less in most cases. 


ENTHALPY OF FORMATION - Figure 4-11 


Results from the DIPPR project (5) and JANAF tables (37) were selected for enthalpy of formation 
of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-11). Results from 
the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 4-12 


Results from the DIPPR project (5) and JANAF tables (37) were selected for Gibb’s free energy of 
formation of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-12). 
Results from the correlation are in favorable agreement with data. 
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Chapter 5 


AMMONIA 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 5-1 


Property data from the literature (1-27,31,33,34,36,37,39,42,108-111) are given in Table 5-1. The critical 
constants (temperature, pressure, volume and compressibility factor) have been determined experimentally. 
Additional property data are also available. The DIPPR (Design Institute for Physical Property Research) project 
(5) and data compilations by Yaws and co-workers (31) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 5-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 1% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 5-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 5-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. A modified Rackett equation, Equation (1-3a), was 
used for correlation of the data as a function of temperature. Results from the correlation are in favorable 
agreement with data. Deviations are less than 1% in most cases. 


SURFACE TENSION - Figure 5-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy is good with 
errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 5-5 and 5-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 


was accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 1% or 
less in most cases. 


Results from the DIPPR Project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The temperature range of 
coverage was extended using thermodynamic principles. Data were correlated with a series expansion in 


temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 3% or less using 
the correlation. 


VISCOSITY - Figures 5-7 and 5-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in agreement with data. Errors are about 10% 
or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 5-9 and 5-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 10% or less in most cases. 


ENTHALPY OF FORMATION - Figure 5-11 


Results from the DIPPR project (5) and JANAF tables (37,110) were selected for enthalpy of formation 
of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-11). Results from 
the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 5-12 


Results from the DIPPR project (5) and JANAF tables (37,110) were selected for Gibb’s free energy 
of formation of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-12). 
Results from the correlation are in favorable agreement with data. 
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Chapter 6 


HYDROGEN AND HELIUM 


Robert W. Gallant, Carl L. Yaws and William E. Simon 


PHYSICAL PROPERTIES - Table 6-1 


Property data from the literature (1-27,31,37-39,42,106,112-118,125-128) are given in Table 6-1. The 
critical constants (temperature, pressure, volume and compressibility factor) have been determined 
experimentally. Additional property data are also available. The DIPPR (Design Institute for Physical Property 
Research) project (5), data compilations by Yaws and co-workers (31) and MATHESON GAS DATA BOOK 
(13) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 6-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION - Figure 6-2 
Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 


from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 10% or less. 


LIQUID DENSITY - Figure 6-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. A modified Rackett equation, Equation (1-3a), was 
used for correlation of the data as a function of temperature. Results from the correlation are in favorable 
agreement with data. Deviations are less than 3% in most cases. 


SURFACE TENSION - Figure 6-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy is good with 
errors being about 5% or less in most cases. 


HEAT CAPACITY - Figures 6-5 and 6-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 
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Results from the DIPPR Project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The temperature range of 
coverage was extended using thermodynamic principles. Data were correlated with a series expansion in 


temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 10% or less using 
the correlation. 


VISCOSITY - Figures 6-7 and 6-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 


temperature were correlated using Equation (1-7). Results are in agreement with data. Errors are about 10% 
or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 6-9 and 6-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 10% or less in most cases. 


SPECIAL NOTE 


Hydrogen exists in two isomeric forms - ortho (parallel spin) in which the atomic nuclei spin in the same 
direction and para (anti-parallel spin) in which the nuclei spin in opposite directions. At ambient or higher 
temperatures, the equilibrium concentration of hydrogen is 75% ortho and 25% para. This 3/1 ratio is called 
"normal" hydrogen. The gas properties presented in this chapter apply to "normal" hydrogen which is of major 
industrial importance at ambient and higher temperatures. 


When hydrogen gas at ambient or higher temperatures is quickly liquified by cooling, the liquid hydrogen 
is also 75% ortho-hydrogen. This liquid will slowly change to the para-form. The conversion is essentially 
complete at the boiling point with an equilibrium concentration of 99.8% para-hydrogen (25,26,31,125-128). 


Liquid helium is also unique. When helium was first liquified in 1908, attempts to solidify the liquid were 
not successful even at 0.8 K (31,125). However, at a pressure of 41 bars, helium does solidify at 1.76 K (5). Also, 
as liquid helium is cooled to 2.2 K, a transition occurs forming a liquid called helium I. This transition (called 
the lambda point) marks the boundary between classical and quantum fluids. The properties of helium I are 
much different than those of helium I. In this chapter, property data for the liquid apply to 2.2 K and higher. 
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Table 6-1 Physical Properties 


jew a cin Toe teenage rope eee co ieee creer nrc Helium Hydrogen 
Pod eral Waeeeureen ey er wer eer rer cree He H2 
3. Molecular Weight, g/mol ....41...:.-4-0.--52+: 4.003 2.016 
As Gritical Wemiperarure, Ko sccccececcasecescoseess 5.20 33.25 
§, Critical Presstire,, Dar crcseccceorretscsccsceees 22I5 12.97 
65 Critical Volume, mil/miol Risser cseseses 57.30 65.03 
7. Critical Compressibility Factor ............ 0.302 0.305 
SUA Centric: Paclor ences tsetse nesters -0.3948 -0.2153 
OeMelting Points Ky. se eee cous are 1.76 @ 41 bars 13.95 
10) Bouing Pomt"@ Watm), Ko viee ccc: 4.22 20.38 
11. Heat of Vaporization 

@ BRAK) / Koi ee eee 20.84 441.60 
12. Density of Liquid @ BP, g/ml .......... 0.1239 0.0706 
13. Surface Tension @ BP, dynes/cm .... 0.0959 1.935 
14. Heat Capacity of Gas 

(DPE CRAG CAN Se aA rer cee eee 5.193 14.466 
15. Heat Capacity of Liquid 

GRERA) ok eae oe Oe ee 4.801 9.615 
16. Viscosity of Gas 

@)25"Cmicropoisey ee eee ee 198.69 88.65 
17. Viscosity of Liquid 

@ BP Centipoiser- secretin eee 0.00318 0.0132 
18. Thermal Conductivity 

Ol Gas @)25 GAW jm: Ker ee. 0.1377 0.1718 
19. Thermal Conductivit 

ot Liquid (@ BPO W/m Kqzcos 0.0200 0.1204 
20. Enthalpy of Formation of Gas 

(CIO AY Gry af pints) eee eae eee en 2 eso es 
21. Gibbs Free Energy of Formation 

Of Gas @)25, CK /molizaieucncn ee) eeee=es 
22. Vast, POR eet) tee ee eee ao ee 
23. Autoignition Temperature, K ............. ----=- 673.15 
24. Lower Explosion Limit 

in Air, vol % Bee eee eee Sion eS 4.0 
25. Upper Explosion Limit 

in Rin vol % aaasvantarssun barge i acne ace eae ne 75.0 
26. Solubility in Water 

QU DAMN Iasasutouegeecaryect en 1.43 1.47 
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Chapter 7 


ARGON AND NEON 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 7-1 


; Property data from the literature (2-8,11,13-18,20-27,31,33,34,36,37,39,40,42,66,110,113,114,117,130-134) 
are given in Table 7-1. The critical constants (temperature, pressure, volume and compressibility factor) have 
been determined experimentally. Additional property data are also available. The DIPPR (Design Institute for 
Physical Property Research) project (5) and data compilations by Yaws and co-workers (31) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 7-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 7-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 1% or less. 


LIQUID DENSITY - Figure 7-3 


Results from the data compilations by Yaws and co-workers (31) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 1% in most cases. 


SURFACE TENSION - Figure 7-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy is good with 
errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 7-5 and 7-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 
was accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 3% or 
less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The temperature range of 
coverage was extended using thermodynamic principles. Data were correlated with a series expansion in 
temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 5% or less using 
the correlation. 


VISCOSITY - Figures 7-7 and 7-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in agreement with data. Errors are about 10% 
or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 7-9 and 7-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 1-10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 5% or less in most cases for 
argon. Reliability of results for Neon are not as good with possible errors of 50% or less. 
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Chapter 9 
SULFUR OXIDES 


Robert W. Gallant, Carl L. Yaws and K. Y. Li 


PHYSICAL PROPERTIES - Table 9-1 


Property data from the literature (2,3,5-8,11-18,20-27,31,37-39,106,135) are given in Table 9-1. The critical 
constants have been determined experimentally. Additional property data such as acentric factor, enthalpy of 
formation and solubility in water are also available. The DIPPR (Design Institute for Physical Property Research) 
project (5) and data compilations by Yaws and co-workers (31) were consulted extensively in preparing the 
tabulation. 


VAPOR PRESSURE - Figure 9-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 9-2 


The DIPPR project (5) was selected for heat of vaporization for temperatures ranging from melting 
point to critical point. The Watson equation, Equation (1-2a), was used for correlation of the data as a function 
of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 9-3 


Results from the data compilation of Yaws and co-workers (31) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 5% in most cases. 


SURFACE TENSION - Figure 9-4 


The DIPPR project (5) was selected for surface tension for temperatures from melting point to critical 
point. Using data from the literature, correlation for surface tension as a function of temperature over the full 
liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy is good with errors being 
about 3% or less in most cases. 


HEAT CAPACITY - Figures 9-5 and 9-6 


Results from the data compilation of Yaws and co-workers (31) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. 
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a Results from the data compilation of Yaws and co-workers (31) were selected for heat capacity of liquid. 

€ coverage applies to temperatures from below the boiling point to temperatures above the boiling point for 
most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6). Results 
are in favorable agreement with data. Errors are about 5% or less using the correlation. 


VISCOSITY - Figures 9-7 and 9-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 


temperature were correlated using Equation (1-7). Results are in agreement with data. Errors are about 10% 
or less in most cases. 


The data compilation of Yaws and co-workers (31) was selected for viscosity of liquid. Temperatures 
from below the boiling point to temperatures above the boiling point are covered for most of the compounds. 
Data for liquid viscosity as a function of temperature were correlated using a modified de Guzman - Andrade 
equation, Equation (1-8a). Correlation results and data are in agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 9-9 and 9-10 


The DIPPR project (5) was selected for thermal conductivity of gas. Data for gas thermal conductivity 
as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with errors of 
about 25% or less in most cases. 


The DIPPR project (5) was selected for thermal conductivity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data for liquid thermal conductivity as a function of temperature were correlated using a series expansion in 
temperature, Equation (1-10). Results are in agreement with data. Errors are about 10% or less in most cases. 


ENTHALPY OF FORMATION - Figure 9-11 


Results fron the DIPPR project (5) and the data compilation of Yaws and co-workers (31) were selected 
for enthalpy of formation of ideal gas. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). The vertical shift in each curve at 444.6 C reflects the change in the standard 
reference state of elemental sulfur from the liquid to the gas (diatomic). Results from the correlation are in 
favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 9-12 


Results fron the DIPPR project (5) and the data compilation of Yaws and co-workers (31) were selected 
for Gibb’s free energy of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a 
series expansion in temperature, Equation (1-12). The vertical shift in each curve at 444.6 C reflects the change 
in the standard reference state of elemental sulfur from the liquid to the gas (diatomic). Correlation results are 
in favorable agreement with data. 


SPECIAL NOTE 


For sulfur trioxide, there are three forms (alpha, beta and gamma) in the solid phase. On cooling, the 
gamma form (icelike crystals with a melting point of 16.8 C) is obtained. The beta form (feathery crystals with 
a melting point of 32.5 C) is formed when traces of sulfuric acid are present. Additional conversion may occur 
to the alpha form (abestoslike crystals with a melting point of 62.3 C). For commercial practice, formation of 
the higher melting forms is normally prevented by addition of inhibitors. 
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Table 9-1 Physical Properties 


DS NAM est etecccscscsstcessorssastsestotsncsecesseessncosensearse Sulfur 
Dioxide 

De POvmill ages rece cecctetees cs epeceesceeecmsneeieee SO2 
3. Molecular Weight, g/mol .............:c0000 64.065 
4, Critical Temperature, Ki ver crcccesccesss cases 430.75 
5; Critical Pressures batwenacccn ee 78.841 
6. CriticallV oluntenml/MOle aac. 122.0 
7. Critical Compressibility Factor ............ 0.269 
SrA Cemtric, FACtON we. ssc.c.scercassecscsacacsoessssessts 0.2451 
Or Melang) Point) Kx 2ac-cccr acer: 200.00 
10S Boiling: Point(@ ly atm Kor. se 263.13 
11. Heat of Vaporization 

@ BPAKI/ Kou nternnin pe ee 385.38 
12. Density of Liquid @ 25 C, g/ml ........ 1.369 
13. Surface Tension @ 25 C, dynes/cm .. 21.69 
14. Heat Capanty el Gas 

Qi G a ei Kee eer ee en 0.623 
15. Heat Capacity of Liquid 

ASI Ca) Ge ee see 1.378 
16. Viscosity of Gas | 

(QIZS GW MiCrOPoise y. secrete tees 129.24 
Ales: ae: of Liquid 

(OMISIC SCOMUDOIS Cassese eae rtee ae 0.257 
18. Thermal Conductivity 

Of Gas'(@25CW fm Ko 7a 0.0095 
19. Thermal ae 

of Liquid@ 25 'C Wi/ar Kore. 0.1957 
20. Enthalpy of Formation of Gas 

COS Gr) [am Ol ees es -297.81 
21. Gibbs Free Energy of Formation 

Of Gas. @ 25.Co KI mol so. eve we -300.52 
PEPER VEX OST ER aes Pak WA VaCY Miele Seciet ena se 
23. Autoignition Temperature, K ............. ------ 
24. Lower Explosion Limit 

I Aur Volietraceost oe aoe eee 
25. Upper Explosion Limit 

TH LAA VOUS ham he er ee, Pee 
26. Solubility in Water 
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Viscosity of Gas, micropoise 


Viscosity of Liquid, centipoise 
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Figure 9-7 Viscosity of Gas 


10 = ————S—— 
ae a 


[reeset 
1 centipoise = 0,000672 Ib/tt s 


1 
0 —— 
0.01 


-100 -50 6) 50 100 150 200 250 


Temperature, C 
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Chapter 10 


HYDROGEN AND CARBONYL SULFIDES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 10-1 


Property data from the literature (2,3,5-8,13-17,20-24,33,34,36-38,43,139,149-154) are given in Table 10-1. 
The critical constants (temperature, pressure, volume and compressibility factor) have been determined 
experimentally. Additional property data are also available. The DIPPR (Design Institute for Physical Property 
Research) project (5) was consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 10-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 10-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for correlation of 
the data as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 10-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. A modified Rackett equation, Equation (1-3a), was 
used for correlation of the data as a function of temperature. Results from the correlation are in favorable 
agreement with data. Deviations are less than 3% in most cases. 


SURFACE TENSION - Figure 10-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy is good with 
errors being about 10% or less in most cases. 
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HEAT CAPACITY - Figures 10-5 and 10-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 


was accomplished using Equation (1-5Sa). Results are in favorable agreement with data. Errors are about 1% or 
less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point. The curve for hydrogen 
sulfide was extended by using a shape similar to that for carbonyl sulfide. Data were correlated with a series 


expansion in temperature, Equation (1-6). Results are in favorable agreement with data. Errors are about 5% 
or less using the correlation. 


VISCOSITY - Figures 10-7 and 10-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in agreement with data. Errors are about 10% 
or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered. Data for liquid viscosity as a function of temperature 
were correlated using the de Guzman - Andrade equation with extended terms, Equation (1-8). Correlation 
results and data are in rough agreement with errors being about 25-50% or less. 


THERMAL CONDUCTIVITY - Figures 10-9 and 10-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 5% or less except for hydrogen sulfide (possible 25%). 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point. Data for liquid 
thermal conductivity as a function of temperature were correlated using a series expansion in temperature, 
Equation (1-10). Results are in favorable agreement with data. Errors are about 5% or less except for hydrogen 
sulfide (possible 25%). 


ENTHALPY OF FORMATION - Figure 10-11 


Results from the DIPPR project (5) and JANAF tables (37,110) were selected for enthalpy of formation 
of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-11). Results from 
the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 10-12 


Results from the DIPPR project (5) and JANAF tables (37,110) were selected for Gibb’s free energy 
of formation of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-12). 
Results from the correlation are in favorable agreement with data. 
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11. Heat of Vaporization 
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12) Density of Liquid @25 Cy g/ml... 1.005 
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Viscosity of Gas, micropoise 


Viscosity of Liquid, centipoise 
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Chapter 11 


HYDROGEN HALIDES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 11-1 


Property data from the literature (1-55,110,134,148,190,191) are given in Table 11-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation, lower explosion limit in air and solubility in water are also available. The DIPPR (Design Institute 
for Physical Property Research) project (5) and data compilations by Yaws and co-workers (31) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 11-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 11-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is good with errors of about 3%. 


LIQUID DENSITY - Figure 11-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 11-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is good with errors being about 25% or less 
in most cases. 
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HEAT CAPACITY - Figures 11-5 and 11-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-5b). Results are in favorable agreement with data. Errors are about 1% or less 
in most Cases. 


Results from the data compilation of Yaws and co-workers (31) were selected for heat capacity of liquid. 
The coverage applies to temperatures from below the boiling point to temperatures above the boiling point for 
most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). Results 
are in fair agreement with data. Errors are about 5% or less using the correlation. 


VISCOSITY - Figures 11-7 and 11-8 


Results from the data compilation of Yaws and co-workers (31) were selected for viscosity of gas. Data 
for gas viscosity as a function of temperature were correlated using Equation (1-7a). Results are in fair 
agreement with data. Errors are about 25% or less in most cases. 


Results from the data compilation of Yaws and co-workers (31) were selected for viscosity of liquid. 
Temperatures from below the boiling point to temperatures above the boiling point are covered for most of the 
compounds. Data for liquid viscosity as a function of temperature were correlated using the de Guzman - 
Andrade equation with extended terms, Equation (1-8a). Correlation results and data are in agreement with 
errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 11-9 and 11-10 


Results from the data compilation of Yaws and co-workers (31) were selected for thermal conductivity 
of gas. Data for gas thermal conductivity as a function of temperature were correlated using a series expansion 
in temperature. Reliability of results is rough with possible errors of 25%. 


Results from the data compilation of Yaws and co-workers (31) were selected for thermal conductivity 
of liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data for liquid thermal conductivity as a function of temperature were 
correlated using a series expansion in temperature, Equation (1-10a). Reliability of results is rough with possible 
errors of 10%. 


ENTHALPY OF FORMATION - Figure 11-11 


The data compilation of Yaws and co-workers (31) was selected for enthalpy of formation of ideal gas. 
The vertical shifts in the curve for hydrogen iodide and hydrogen bromide reflects the change in the standard 
reference state of the elements. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 11-12 


The data compilation of Yaws and co-workers (31) was selected for Gibb’s free energy of formation of 
ideal gas. The vertical shifts in the curve for hydrogen iodide and hydrogen bromide reflects the change in the 
standard reference state of the elements. Data for enthalpy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Table 11-1 Physical Properties 
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Figure 11-6 Heat Capacity of Liquid 
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Chapter 12 


HALOGENS 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 12-1 


Property data from the literature (2,3,8,13-18,23-27,31,36,37,39,42,105,106,110,1 13,116,122,136-148) are 
given in Table 12-1. The critical constants were selected from the DIPPR project (5). Additional property data 
are also available. The DIPPR (Design Institute for Physical Property Research) project (5) and data 
compilations by Yaws and co-workers (31) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 12-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 12-2 


The data compilation of DIPPR project (5) was selected for heat of vaporization for temperatures 
ranging from melting point to critical point. A modified Watson equation, Equation (1-2a), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 12-3 


Results from the data compilation of DIPPR project (5) were selected for liquid density from low 
temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett equation, 
Equation (1-3a), was used for correlation of the data as a function of temperature. Results from the correlation 
are in favorable agreement with data. Deviations are less than 3% in most cases. 


SURFACE TENSION - Figure 12-4 


The data compilation of Yaws and co-workers (31) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 5% or less in most cases. 
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HEAT CAPACITY - Figures 12-5 and 12-6 


Results from the data compilation of Yaws and co-workers (31) were selected for heat capacity of ideal 


gas. Correlation of data was accomplished using Equation (1-5). Results are in favorable agreement with data. 
Errors are about 1% or less in most cases. 


__ Results from the Yaws and co-workers (31) were selected for heat capacity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). Results are in 
favorable agreement with data. Errors are about 5% or less using the correlation. 


VISCOSITY - Figures 12-7 and 12-8 


___ The data compilation of Yaws and co-workers (31) was selected for viscosity of gas. Data for gas 
viscosity as a function of temperature were correlated using Equation (1-7a). Results are in agreement with data. 
Errors are about 10% or less in most cases. 


The data compilation of Yaws and co-workers (31) was also selected for viscosity of liquid. Temperatures 
from below the boiling point to temperatures above the boiling point are covered for most of the compounds. 
Data for liquid viscosity as a function of temperature were correlated using the de Guzman - Andrade equation 
with extended terms, Equation (1-8a). Correlation results and data are in fair agreement with errors being about 
25% or less. 


THERMAL CONDUCTIVITY - Figures 12-9 and 12-10 


Results from the data compilation of Yaws and co-workers (31) were selected for thermal conductivity 
of gas. Data for gas thermal conductivity as a function of temperature were correlated using the Equation (1-9a). 
Reliability of results is rough with possible errors of 50%. 


Results from the data compilation of Yaws and co-workers (31) were selected for thermal conductivity 
of liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data for liquid thermal conductivity as a function of temperature were 
correlated using a series expansion in temperature, Equation (1-10a). Results are in favorable agreement with 
data. Errors are about 10% or less except for bromine (possible 50%). 


ENTHALPY OF FORMATION - Figure 12-11 


Results from the DIPPR project (5) and JANAF tables (37) were selected for enthalpy of formation 
of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-11). Results from 
the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 12-12 


Results from the DIPPR project (5) and JANAF tables (37) were selected for Gibb’s free energy of 
formation of the ideal gas. The data were regressed by a series expansion in temperature, Equation (1-12). 
Results from the correlation are in favorable agreement with data. 
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Bromine 
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Chapter 13 


C,,, C,, AND C,, NORMAL ALKANES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 13-1 


Property data from the literature (1-23,25-36,38-59,72-88) are given in Table 13-1. The critical constants 
were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy of 
formation, lower explosion limit in air and solubility in water are also available. The DIPPR (Design Institute 
for Physical Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were 
consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 13-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 13-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 13-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 2% in most cases. 


SURFACE TENSION - Figure 13-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 13-5 and 13-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. . 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). 
Results are in favorable agreement with data. Errors are about 3% or less using the correlation. 


VISCOSITY - Figures 13-7 and 13-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 3% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 13-9 and 13-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 3% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 5% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 13-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 13-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 13-1 Physical Properties 
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Figure 13-10 Thermal Conductivity of Liquid 
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Chapter 14 


C,,, C,, AND C,, NORMAL ALKANES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 14-1 


Property data from the literature (1-23,25-36,38-59,72-74,78,79,85,88, 139, 155-168) are given in Table 14-1. 
The critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation, lower explosion limit in air and solubility in water are also available. The DIPPR (Design 
Institute for Physical Property Research) project (5) and recent data compilations by Yaws and co-workers (44- 
59) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 14-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 14-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 14-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 2% in most cases. 


SURFACE TENSION - Figure 14-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 14-5 and 14-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). 
Results are in favorable agreement with data. Errors are about 3% or less using the correlation. 


VISCOSITY - Figures 14-7 and 14-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 3% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 14-9 and 14-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 3% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 5% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 14-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 14-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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PTS) S10) 910101 Eee eas ore ae ee ee C16H34 
3. Molecular Weight, g/mol .........cc.sces000 226.446 
4-Critical Temperature, K...ccssc..cascesciss-c 720.60 
5; Criicale Pressure. bat sncennieeteteccac 14.186 
6. Critical Volume, ml/mol ................0.000 930.0 
7. Critical Compressibility Factor ............ 0.220 
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10; Boiling Point @ 1 atin, K .).22./2.0.2..., 560.01 
11. Heat of Vaporization 

(@BPr RI Ree eens 226.42 
12. Density of Liquid @ 28 C, g/ml ........ 0.764 
13. Surface Tension @ 28 C, dynes/cm .. 26.68 
14. Heat Capacity of Gas 
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Table 14-1 Physical Properties 
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21. Gibbs Free Energy of Formation 
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23. Autoignition Temperature, K ............. 475.15 


. Lower Explosion Limit 
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Solubility in Water 
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Figure 14-8 Viscosity of Liquid 
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Chapter 15 


C,,, C,, AND C,, ALPHA ALKENES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 15-1 


Property data from the literature (1-23,25-36,38-59,72-75,95,97,139,158,166,169-172) are given in Table 
15-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation and explosion limits in air are also available. The DIPPR (Design Institute for 
Physical Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were 
consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 15-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 15-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 15-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density for 
all compounds except for 1-decene where more recent data (5) for critical constants was adopted. The range of 
coverage applies to temperatures at the melting point to higher temperatures up to the critical point. A modified 
Rackett equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from 
the correlation are in favorable agreement with data. Deviations are less than 2% in most cases. 


SURFACE TENSION - Figure 15-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 15-5 and 15-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 3% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). 
Results are in favorable agreement with data. Errors are about 5% or less using the correlation. 


VISCOSITY - Figures 15-7 and _ 15-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 15-9 and 15-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 5% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 15-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 15-12 


Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 
of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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3. Molecular Weight, g/mol ..............00000 140.269 
a. Critical Temperatures Ko vectra. 617.05 
5, CriticalsPreesures Dar asics 8*suss0c-eceeees 21.684 
6; GriticalyVolumie,-ral/moOl s;.cc...s000s00c0005s 585.00 
7. Critical Compressibility Factor ............ 0.247 
Oe AN CEMEME LE ACTON coco seit vcearahauneaersseseWventes 0.4645 
ene tena: Of CUK yes ecse. ees ccie- tsb eicsdea deer 206.89 
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Table 15-1 Physical Properties 
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Figure 15-1 Vapor Pressure 
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Figure 15-2 Heat of Vaporization 
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Figure 15-3 Liquid Density 
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Figure 15-4 Surface Tension 
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Figure 15-10 Thermal Conductivity of Liquid 
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Chapter 16 


C,,, C,, AND C,, ALPHA ALKENES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 16-1 


Property data from the literature (1-23,25-36,38-59,72-75,95,97,139,158,170) are given in Table 16-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. The DIPPR (Design Institute for Physical 
Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 16-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 16-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 10% or 
less. 


LIQUID DENSITY - Figure 16-3 


Results from the DIPPR project (5) were selected for liquid density for all compounds except for 1- 
decene where more recent data (5) for critical constants was adopted. The range of coverage applies to 
temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett equation, 
Equation (1-3a), was used for correlation of the data as a function of temperature. Results from the correlation 
are in favorable agreement with data. Deviations are less than 1% in most cases. 


SURFACE TENSION - Figure 16-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 16-5 and 16-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point. The curve for 1-eicosene was adjusted to make it similar in shape to the curves for 1-hexadecene and 1- 
octadecene. Data were correlated with a series expansion in temperature, Equation (1-6a). Results are in 
favorable agreement with data. Errors are about 5% or less using the correlation. 


VISCOSITY - Figures 16-7 and 16-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 16-9 and 16-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 10% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 16-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 16-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 16-1 Physical Properties 
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Figure 16-2 Heat of Vaporization 
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Chapter 17 


C, TO C, NORMAL ALKYL CYCLOPENTANES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 17-1 


Property data from the literature (1-23,25-36,38-59,75,85,95-97,139,164-166,173-177) are given in Table 
17-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation, lower explosion limit in air and solubility in water are also available. The DIPPR 
(Design Institute for Physical Property Research) project (5) and recent data compilations by Yaws and co- 
workers (44-59) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 17-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 17-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. The Watson equation, Equation (1-2a), was used for correlation of the data 
as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 17-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. A modified Rackett equation, Equation (1-3a), was 
used for correlation of the data as a function of temperature. Results from the correlation are in favorable 
agreement with data. Deviations are less than 3% in most cases. 


SURFACE TENSION - Figure 17-4 


Results from the DIPPR project (5) were selected for liquid surface tension for temperatures from 
melting point to critical point. Using data from the literature, correlation for surface tension as a function of 
temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). Accuracy 
is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 17-5 and 17-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data 
was accomplished using Equation (1-5b). Results are in favorable agreement with data. Errors are about 1% or 
less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in favorable agreement 
with data. Errors are about 1% or less using the correlation. 


VISCOSITY - Figures 17-7 and 17-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 10% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 17-9 and 17-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 10% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 17-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 17-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a Series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 17-1 Physical Properties 


PIN AEE s cathansee. Cc ceinr ie cAuceaeae Re tie Methyl- Ethyl- to yl- 
cyclopentane cyclopentane yclopentane 

2 SE OLIGU Ais eee ate erect atic <scecdarmeat case C6H12 C7H14 C8H16 
3. Molecular Weight, g/mol ...........csc0000 84.161 98.188 112215 
Se Critical hemperatire: Kotecsas. 1 tec. cc 532.79 569.52 603.00 
S=Crivieal Pressure, bar <cesesscsccssencaees 37.845 33.977 30.000 
6. Critical Volume, ml/mol ................000000 318.92 374.52 425.00 
7. Critical Compressibility Factor ............ 0.272 0.269 0.254 
Be ACEC C EA ClOL a eticcecsssentdovensessopsaarntcioses 0.2302 0.2715 0.2719 
DiS NICIIND POI, Ware, secesereretsetcisneertoneits 130.73 134.71 155.82 
10. Boiling Point @ 1 atm, K ................... 344.96 376.62 404.11 
11. Heat of Vaporization 

(CUE ip Af ly oes. Sarre, oe a geen ae 348.59 328.41 308.28 
12. Density of Liquid @ 25 C, g/ml ........ 0.745 0.763 0.773 
13. Surface Tension @ 25 C, dynes/cm .. 21.65 23.33 24.42 
14. Heat nat of Gas 

@25C ak So A ee 1.298 1.338 L377 
15. Heat Capacity of Liquid 

ORBAN GEA (G8 Giese Rane aR et? 1.885 1.896 1,928 
16. Viscosity of Gas 

2S GemicChOpOISe nwiiscnsaveete esse 
17. Viscosity of Liquid 

(25 GS COMUPOISE ees ssetscccesseeseecseaconsaces 0.477 0.535 0.640 
18. Thermal Conductivity 

OU Gasss oc GW. Cecisdtenes Se seee eee Se 
wf Or uadid osc W/m Kees ett 0.1186 0.1169 0.1149 
a eos aE ee ae nee -106.89 -127.26 -148.31 
a Bees os C. et eens ae 35.25 44.00 51.95 
QO Flas hipb Oita Re ever reseseus ce eeeaes perecertens 245.93 269.00 289.00 
23. Autoignition Temperature, K ............. 602.04 533.15 542.15 
ies ip wee Secale ee 1.2 1.1 0.9 
aah me cole allen a eee ee 8.4 6.7 6.4 
ny Syn Water eee ee 42.64 9,556 2.04 
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Figure 17-5 Heat Capacity of Gas 
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Figure 17-6 Heat Capacity of Liquid 
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Figure 17-8 Viscosity of Liquid 
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Figure 17-9 Thermal Conductivity of Gas 


0.14 . oe 


0.13 


| | : 
| 
0.11 a an 


Be 50 -100 = -50 0 50 100 150 200 250 300 350 


Temperature, C 
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Chapter 18 


C, TO C, NORMAL ALKYL CYCLOHEXANES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 18-1 


Property data from the literature (1-23,25-36,38-59,75,83,85,89-99) are given in Table 18-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation, lower explosion limit in air and solubility in water are also available. The DIPPR (Design Institute 
for Physical Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were 
consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 18-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 18-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 3% or less. 


LIQUID DENSITY - Figure 18-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 3% in most cases. 


SURFACE TENSION - Figure 18-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 18-5 and 18-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 3% or less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in favorable agreement 
with data. Errors are about 3% or less using the correlation. 


VISCOSITY - Figures 18-7 and 18-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 3% or less. 


THERMAL CONDUCTIVITY - Figures 18-9 and 18-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 10% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 18-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 18-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 18-1 Physical Properties 


ACEIN ATIVE ferrescrcctecate re ne pee rae ts eric Methyl- Ethyl- Propyl- 
cyclohexane cyclohexane cyclohexane 
Dee OVID a eters oe teases asks fecesatescacaastevons caste C7H14 C8H16 C9H18 
3. Molecular Weight, g/mol ..................05 98.188 112.214 126.241 
4. Critical Temperature, Ko vo..c.sescasceccseoss0ee 572.19 609.15 639.15 
Se enitical Pressures Dat saccesstacanan 34.714 30.398 28.067 
6. Critical Volume, ml/mol .............cc000 368 450 477 
7. Critical Compressibility Factor ............ 0.269 0.270 0.252 
Be NCETMUNICUE ACLOL sesiccoscccscccocustheseueeeeiesastas 0.2350 0.2455 0.2595 
Oe Melange Pome Koc .ncceeeestnnor, 140.08 161.84 178.28 
10. Boiling Point @ 1 atm, K ................... 374.08 404.95 429.90 
11. Heat of Vaporization 
|e ied SUAS eerie er eRe career ce ae 317.05 305.72 285.69 

12. Density of Liquid @ 25 C, g/ml ........ 0.766 0.784 0.789 
13. Surface Tension @ 25 C, dynes/cm .. 23.334 25 A79 26.08 
14. Heat Capacity of Gas 

eI SGe I Kamran cre nnn eras 1.373 1.414 1.458 
15. Heat papa Liquid 

(DO SOa Wy DRG nee te: 1.882 1.895 1915 
16. Viscosity of Gas 

(@'25) GoMIChOPOISE!. cccsescessssssssetsasnssnes 65.28 59.00 56.80 
We bea) of Liquid 

BIDS SECON DOISE a siccnet-s onsseheseosacteesens 0.684 0.786 0.989 
18. Thermal Conductivity 

Of Gas @ 25) Go Wi K. secsesessscedeestesss 0.0137 0.0127 0.0129 
19. Thermal Eongucuvly 

of Liquid @ 25 C, W/m K cresssssssssssee 0.1108 0.1166 0.1144 
20. Enthalpy of Formation of Gas 

@ 25 34 elf inile) Creer ee eee ee ney -127.26 -172.08 -193.66 
21. Gibbs Free Energy of Formation 

Of Gas O25. CAR) (m0) Ge xcsesiestovenesey 44.00 38.60 46.62 
DP LAS UE OUN § IS coc etescececvecesenserersrerecees<sce> 269.26 308.15 = = <--9-- 
23. Autoignition Temperature, K ............. 558.15: §35.37 were 
24. Lower Explosion Limit 

AE AE VOL G0) ces cessssessrsapecsstcencensnsesesennstse 120 === 0.9 
25. Upper Explosion Limit 

ue on Ce ea Meee a wo 
26. Solubility in Water 

@3C BPMUW eee deeteeons 16.0 2.92 0.68 
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Figure 18-1 Vapor Pressure 
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Figure 18-3 Liquid Density 
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Figure 18-4 Surface Tension 
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Figure 18-5 Heat Capacity of Gas 
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Figure 18-6 Heat Capacity of Liquid 
LS 


250 


Ethylcyclohexane 


thylcyclohexane 


e' 


asiodoJolw 


SED JO Ajisoosi~A 


z 
2 
° 
WwW 
w 
8 
fo} 
i] 
3 
a 
2 
(5) 
= 


600 800 1000 


400 


Temperature, C 
Figure 18-7 Viscosity of Gas 


200 


0.000672 Ib/ft s 


1 centipoise 


asiodijued 


Methylcyclohexane 


pinbry jo Ayisoosi,, 


150 200 250 300 


100 


Temperature, C 
Figure 18-8 Viscosity of Liquid 


176 


Thermal Conductivity of Gas, W/m K 


Thermal Conductivity of Liquid, W/m K 


1 W/m K = 0.5788 BTU/hr ft R 


Vee ae 
Meter orexane ara peed 


Ez 
ae A Ethylcyclohexane 
Za 
i 


6) 200 400 600 800 1000 
Temperature, C 


Figure 18-9 Thermal Conductivity of Gas 
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Figure 18-10 Thermal Conductivity of Liquid 
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Chapter 19 


C, TO C, NORMAL ALKYL BENZENES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 19-1 


Property data from the literature (1-23,25-36,38-59,75,95,97,139,158, 166,172,184-187) are given in Table 
19-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation and explosion limits in air are also available. The DIPPR (Design Institute for 
Physical Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were 
consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 19-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 19-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 19-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density for 
all compounds. The range of coverage applies to temperatures at the melting point to higher temperatures up 
to the critical point. A modified Rackett equation, Equation (1-3), was used for correlation of the data as a 
function of temperature. Results from the correlation are in favorable agreement with data. Deviations are less 


than 3% in most cases. 


SURFACE TENSION - Figure 19-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 5% or less in most cases. 
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HEAT CAPACITY - Figures 19-5 and 19-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). 
Results are in favorable agreement with data. Errors are about 10% or less except for hexylbenzene (possible 
25%). 


VISCOSITY - Figures 19-7 and 19-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 19-9 and 19-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 10% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 19-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 19-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Figure 19-3 Liquid Density 
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Figure 19-4 Surface Tension 
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Figure 19-6 Heat Capacity of Liquid 
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Figure 19-7 Viscosity of Gas 
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Chapter 20 


C, TO C, NORMAL ALKYL BENZENES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 20-1 


Property data from the literature (1-23,25-36,38-59,75,95,97,139,158,189) are given in Table 20-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. The DIPPR (Design Institute for Physical 
Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 20-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 20-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 20-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density for 
all compounds. The range of coverage applies to temperatures at the melting point to higher temperatures up 
to the critical point. A modified Rackett equation, Equation (1-3), was used for correlation of the data as a 
function of temperature. Results from the correlation are in favorable agreement with data. Deviations are less 


than 5% in most cases. 


SURFACE TENSION - Figure 20-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 5% or less in most cases. 
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HEAT CAPACITY - Figures 20-5 and 20-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). 
The results should be considered as rough estimates. 


VISCOSITY - Figures 20-7 and 20-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 20-9 and 20-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 10% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 20-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 20-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Figure 20-6 Heat Capacity of Liquid 
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Figure 20-9 Thermal Conductivity of Gas 


0.13 


i 
| 
| 1 W/m K = 0.5788 BTU/hr ft R 


ee eee 


.SSaInnnn SR | 

| 
—————— Ce a See 

| | 

| i 


vase escotensseummarecnterornaansntnssnntntscneaneeernfpetirentntsttt tne ete ete 


Oste 


0.1 


Nonylbenzene 


7 ij a 
00 50 


| 
~ 4100. 0 100 200 300 4 
Temperature, C 


Figure 20-10 Thermal Conductivity of Liquid 
LOW 


0.09 


0 


JOwW/7 


a 
if | 


6 


nylbenzene 


>= “ae 
Poe 


SED JO uONeWIOY Jo Adjeujug 


400 600 800 1000 


Temperature, C 
Figure 20-11 Enthalpy of Formation of Gas 


200 


7 Nonylbenzene 


is 
alg 


Oo 
oO 
N 


|Ouw/r} 


( 


1000 


sey 


) 


800 
fe) 
400 
e) 


w04 jo ABiaug 9as4 sqqin 


600 800 1000 


400 


Temperature, C 
Figure 20-12 Gibbs Free Energy of Formation of Gas 


200 


198 


Chapter 21 


C,, TO C,, NORMAL ALKYL BENZENES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 21-1 


a Property data from the literature (1-23,25-36,38-59,75,95,97,139, 157,158,174) are given in Table 21-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. The DIPPR (Design Institute for Physical 
Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 21-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 21-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 21-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density for 
all compounds. The range of coverage applies to temperatures at the melting point to higher temperatures up 
to the critical point. A modified Rackett equation, Equation (1-3), was used for correlation of the data as a 
function of temperature. Results from the correlation are in favorable agreement with data. Deviations are less 
than 3% in most cases. 


SURFACE TENSION - Figure 21-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 5% or less in most cases. 
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HEAT CAPACITY - Figures 21-5 and 21-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 1% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point for most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). 
The results should be considered as rough estimates. 


VISCOSITY - Figures 21-7 and 21-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or less. 


THERMAL CONDUCTIVITY - Figures 21-9 and 21-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 10% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 21-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 21-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 21-1 Physical Properties 
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14, Heat rays a Gas 
(COMIN GIN Pa Seo eee en he eee ee 1.429 1.441 1.452 
15. Heat arate of Liquid 
COUEN CAy ON ee nee 1.924 1.927 1.927 
16. Viscosity of Gas 
(O25, Ce AMICLODOISC ree sceecctse se siooteeese 45.42 44.56 43.98 
17: ese of Liquid 
CONUPOISE nec feoeesctecrrasttessioes 3.457 4.152 4.818 
18. Thermal Conductivity 
Olas ela AW INKS Sarin acrncscess areeee aeaeee 
19. Thermal Conductivit 
Of Liquid @ 25°C) W/m Ko. iesssertnces 0.1098 0.1084 0.1067 
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Figure 21-1 Vapor Pressure 
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Figure 21-2 Heat of Vaporization 
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Figure 21-5 Heat Capacity of Gas 
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Figure 21-6 Heat Capacity of Liquid 
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Figure 21-3 Liquid Density 
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Figure 21-4 Surface Tension 
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Figure 21-7 Viscosity of Gas 
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Figure 21-8 Viscosity of Liquid 
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Figure 21-11 Enthalpy of Formation of Gas 
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Chapter 22 


NAPHTHALENE AND DECAHYDRONAPHTHELENES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 22-1 


- Property data from the literature (1-23,25-36,38-59,75,113,114,139,178-184) are given in Table 22-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. The DIPPR (Design Institute for Physical 
Property Research) project (5) and recent data compilations by Yaws and co-workers (44-59) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 22-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point except. Correlation of data for vapor pressure as a function of temperature was accomplished 
using Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement 
with experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 22-2 


The data compilation of Yaws and co-workers (44,52) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 5% or less. 


LIQUID DENSITY - Figure 22-3 


Results from the data compilation of Yaws and co-workers (44,54) were selected for liquid density for 
all compounds except for 1-decene where more recent data (5) for critical constants was adopted. The range of 
coverage applies to temperatures at the melting point to higher temperatures up to the critical point. A modified 
Rackett equation, Equation (1-3a), was used for correlation of the data as a function of temperature. Results 
from the correlation are in favorable agreement with data. Deviations are less than 1% in most cases. 


SURFACE TENSION - Figure 22-4 


The data compilation of Yaws and co-workers (44,55) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4). 
Accuracy is good with errors being about 3% or less in most cases. 


209 


HEAT CAPACITY - Figures 22-5 and 22-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5). Results are 
in favorable agreement with data. Errors are about 3% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44,59) were selected for heat capacity of 
liquid. The coverage applies to temperatures from below the boiling point to temperatures above the boiling 
point. Data were correlated with a series expansion in temperature, Equation (1-6a). Results are in favorable 
agreement with data. Errors are about 5% or less using the correlation. 


VISCOSITY - Figures 22-7 and 22-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 5% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 22-9 and 22-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 5% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 22-11 
The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 


gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). 
Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 22-12 
Results from the data compilation of Yaws and co-workers (44,46) were selected for Gibb’s free energy 


of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 22-1 Physical Properties 
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. Viscosity of Gas 
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. Solubility in Water 


@ 25 C, PpM(Wt) .s...csrscccosessssorvereeeseere oe 7=* 


Pea 


Trans-Decahydro- 
naphthalene 


C10H18 
138.253 
687.05 
28.371 
480.00 
0.238 
0.2536 
242.79 
460.46 


Naphthalene 


C10H8 
128.174 
748.35 
40.51 
413.00 
0.269 
0.3019 
353.43 
491.14 


32.05 


500 


Ta 
M 


NI 
i 
| 


, 
| 


Naphthalen 
[Ee 


400 


300 


eoseeennossnenetnnnnsannnnesncnersnenenneneenseerereeasneeseneggen 


Trans-Decahydronaph 


t 4 ; 
zg, + 
{ i 
i 
i 
i t 
i H H H 
H i i H 
i fi 
He i 
i 
H fii H 
i i i i 
H H i { 
7 iitt. i iiit i i i Qa 
. t ? i 2 H at | peer 
| N 
i i H 
i Hid i i i 
i H He i { 
i H i H H i 
: : H H H | 
i it i H H H 
i j toi eae ; H 
; H i iH H H 1 i 
; H H ii i i H i i 
3 > 2 ? ? t 
i H H H He ti i 
E H fii i H i 
/ i i i i H H H 
ANG H H ale ai Hdd i i 
i ‘ $f i pi 
i i i H H i 
H # { { te ; i 
i i 3 i figdd H Pit 
; iti i 
i fe) 
i H H { 
a he H iid H H i ii i fo) 
‘ chs 4 4 44 a ee bbe anne Concur © 6 Os a Gn os Gees Somer 
PNG Hi j | H Pn 
: i Ht H H i 
i i ‘ iid Pidd joa ai i 
1 H Hi i} H H i 
i { } i 
H ii 
j H i if 
™~ t i 
PN EH 
H ‘ta H t i t 
i i H H H H 
| w! H ii | } Hy ght 
H H it H H 
wii Ee ' 
iN fi H i | 
H te et PEE i i H 
‘ H > tiggositese at Hi t 
i++ : se ste tee ccs 
i H i H 
t ii i 
i ; $ ; 
Hi bie it H H os H 
i Hy if $ ¢ H i H : H 
t t 3 } i 7 ; 
i H 


1000 
100 


eisd ‘aunssaijd JOde/ 


Temperature, C 
Figure 22-1 Vapor Pressure 
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Figure 22-2 Heat of Vaporization 
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Figure 22-3 Liquid Density 
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Figure 22-4 Surface Tension 
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Figure 22-5 Heat Capacity of Gas 
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Figure 22-6 Heat Capacity of Liquid 
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Figure 22-7 Viscosity of Gas 
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Figure 22-8 Viscosity of Liquid 
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Figure 22-9 Thermal Conductivity of Gas 
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Figure 22-10 Thermal Conductivity of Liquid 
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Figure 22-11 Enthalpy of Formation of Gas 
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Figure 22-12 Gibbs Free Energy of Formation of Gas 
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Appendix A 


CONVERSION TABLES 


Temperature 

To convert from Centigrade to: 
Kelvin, add 273.15 
Rankine, multiply Kelvin by 1.8 


Fahrenheit, multiply Centigrade by 1.8 and add 32 


Pressure 

To convert from psia to: 
kPa, multiply by 6.895 
psig, subtract 14.7 
mm Hg, multiply by 51.7 
atmospheres, divide by 14.7 
bars, divide by 14.89 


Heat of Vaporization 

To convert from kJ/kg to: 
BTU /lb, multiply by 0.43 
cal/gram, multiply by 0.239 


Density 

To convert from g/ml to: 
Ib/ft*3, multiply by 62.43 
Ib/gallon, multiply by 8.345 


Surface Tension 
To convert from dynes/cm to: 
N/m, multiply by 0.001 


Heat Capacity 

To convert from J/g K to: 
BTU /Ib R, multiply by 0.239 
cal/gram K, multiply by 0.239 


Viscosity 

To convert from micropoise to: 
lb/ft s, multiply by 0.0672E-06 
centipoise, multiply by 1.0E-04 
poise, multiply by 1.0E-06 


Pa s (pascal seconds), multiply by 1.0E-07 


To convert from centipoise to: 
lb/ft s, multiply by 0.000672 
micropoise, multiply by 10,000 
poise, multiply by 0.01 


Pa s (pascal seconds), multiply by 0.001 
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8. Thermal Conductivity 
To convert from W/m K to: 
BTU/hr ft R, multiply by 0.5788 
calorie/cm s K, multiply by 0.002388 


9. Enthalpy of Formation 
To convert from kJ/mol to: 
kcal/mol, multiply by 0.239 


10. Gibb’s Free Energy of Formation 
To convert from kJ/mol to: 
kcal/mol, multiply by 0.239 


Formula 


Ar 

BEZ 
CBrkE3 
COURS 
CCl2ZF2 
CC120 
ECisk 
Cel4 
CF4 

co 

cos 
CO2 
CS2 
CHCIF2 
CHEL2F 
CHC13 
CHES 
CHN 
CH2Ci2 
CH20 
CH202 
CHS Br 
CH3Cl 
CH3NO2 
CH4 
CH40 
CH4S 
CH5N 
C2Cl2F4 


C2CI3r3 


C2ci4 
C2hs6 
C2HCI3 
€2HCL30 
C2H2Z 
C2H2C)2 
C2Hz2cl2 
C2HZ2C12 
C2H2C14 
CZhZk2 
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COMPOUND INDEX BY FORMULA 


Name Synonym Page 
bale (9) 0M NCEA OOO Coe Oo COO OOOO OO gato oda o 61(Vol 3) 
QOMUMG sec colt or crave seco ote revere 1a loses uke nousbete cies sie © ekeSerckeveisueds 110(Vol. 3) 
bromotrs fLUOLOMe CNANC . sietsriss cicks aie sieteieresers 2101 euelo suciene 23.5 (VO lea) 
chlorotrifluoromethane...fluorocarbon-13........ 205:(VOle 1) 
dichlorodifluoromethane..fluorocarbon-12........ 205(Vol 1) 
je) Mekcte (alah a atin en OOO OOOO FOO OO OOo Or UU Door 16(Vol 2) 
trichlorofluoromethane...fluorocarbon-11........ 205(Vol 1) 
ok lial e(ahg\ (el-\ergt-(o} pM ore Kel=h Beam oO a oOo Clo C10 0 Oat 44(Vol 1) 
tetrafluoromethane....... fluorocarbon-14-....... 205 (Vol. 1) 
E2AGbOneMONOXT ACs. resis ce seuehs is ouer evoke cuel evel coo. retevene! soreusl aren BVO 3) 
or Wal erojentalber-jrlils ails arenes oe CG Aa en CO OG oO oo 90(Vol 3) 
CAP DON ROALOS EOC cnc velolendhetes< elcdelels sven chats, clos dye er aisvetcuciere L(V Gules.) 
orb al ofeyel ton W=\b Wankel wey ren Ae eo OOo OO UO RO Om tc 206(VoOl 2) 
Chiloroadift lucromethane....., LUOrOCaLbDOn—21...- 2. 215(Vol 1) 
dichloroflucromethane... ..f LuorocCarbOn—22)..c..t srt. 215(Vol 1) 
CHLOROL GE Mette usr. tererietr ect eee trichloromethane..... .. 44(Vol 1) 
tritlueromethane.:. <0... FlUOrOCcarbOn—=23. eure 225 (Vol 1) 
hydrogen .cyanides: 25. a. wryeae sss ree maa aierie Ma onal orate ters L26(Vol.2)) 
methylene chloride....... dichloromethane... ...1-.. . 44(Vol 1) 
POrMALAeCHY CC. cas crete ol craic co crees saekeuel aviews cet e) oucuste ensue rcuemed te 6(Vol 72) 
BOR M UCAS Wl mister cua) at ane onsna tedeiiey oe aye eres ener tena tales et tne ener rs 26 (Vole) 
MECHY APB rOMIC elk 5 nes sia ee aue rete teaevene veteran citer snes eer aes 22)5i(N Gules) 
MeEchyids “ChE Ore oy. ccs caso teis soe oi ares ate Perot oh wucee enw ke omee nore 44(Vol 1) 
NPEROMS CM ANC i..5..c sie secesekone Meer otel exener ore eteat cle einai d eke aero 136(Vol 2) 
MECHANIC Cie. ce er ecel se, evere cter ona evade rege eee: maucie eh aieret aicneeatene 1(Vol 1) 
MO CM ATG Lars vores toys) or.c1 56 eiceuare Te Onel oe teal easel or car aa suey cen en ene 74(Vol 1) 
MethaneClNn vo lsc, 2565 y ea see eee ace ae hee ee ee eee 206(Vol 2) 
MOE Yam onc sss hrefonthiten eran otees Gola oeet care eee ear ee 96(Vol 2) 
1, 2-dichlero-1, 1, 

2,e-vertalluoreeehane:.. ..flucrocarbon—-l1l45...4.. 21 5:(VoL 721)) 
Pi 2=trichloro=1 2; 

2-trif luorcethane... <<: fiucrocarbon=113).....4. 215 (VOL 1) 
peren loroethy lene. «ta. ccm tnen cate Son ee 54(Vol 1) 
hexablucroethane......... 45 f£luorocarbon-116..... 4. 225(Vol 1) 
Erich loroethy lene... 'oc0n eee Oe ee 54(Vol 1) 
(el aa Be of Wl Lae er ee Pei orn an Mek AGENT Ymca dae: L6(Volk 2) 
ACETY LONG sores sce s Sasc ohne GCNY ME ss 2c a Seavey arene wake 24(Vol1) 
Vany Lidene -ch lor ides i ow a.5e-5 ceases eee 54(Vol 1) 
Cis~1)2-dichloroethy lene. «= <.c se a eee 195 (Val- 1) 
Erans=i)2-direnloroethy lene... ee ee eee L96(Vol) 
lL Ly 2,2 -tercachlLoroethane........e- ee LI5(Vol 1) 
Vinylidene- fluoridecs.: 34.2 oy a ee 225.(Vol J) 


C2H3c1 
C2H3C10 
C2H3C13 
C2H3F 
C2H3N 
C2H4 
C2H4Br2 
C2H4C12 
C2H40 
C2H40 
C2H402 
C2ZHSBr 
C2H5c1 
C2H5NO2 
C2H6 
C2H60 
C2H60 
C2H602 
C2H6S 
C2H6S 
C2H7N 
C2H7N 
C3H4 
C3H4 
C3H40 
C3H402 
C3HSC10 
C3H5N 
C3H6 
C3H6 
C3He6ei2 
C3H60 
C3H60 
C3H60 
C3H60 
C3H602 
C3H602 
C3nh7Cl: 
C3H7NO2 
C3H7NO2 
C3H& 
C3H80 
C3H80 
C3H802 
C3H803 
C3H9ON 
C3H9ON 
C4H40 
C4H402 


Mini Chora deskisten« .4.6 Slit te Nez 6 Tee Je: 1e Yo Reuse Ee neat ede 54 (Vor) 
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methy1 chloroform........1,1,1-trichloroethane. .195(Vol 1) 
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hele iW et eiaka” 85 Ais eee GCHENE. {Rie ects nee eee 14(Vol 1) 
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Physical Properties of Hydrocarbons 


And Other Chemicals 
VOLUME 3 


This newest volume in the Physical Properties of Hydrocarbons series provides 
indispensable data on nitrogen, oxygen, air, ammonia, hydrogen, helium, other 
inorganics, alkanes, alkenes, naphthenes, and aromatics. Extensive data derived from 
the literature and detailed information not available elsewhere are combined in one 
source to provide the working engineer with enormous savings in time and effort. 

Data on critical properties, vapor pressure, heat of vaporization, density, surface 
tension, heat capacity, viscosity, thermal conductivity, enthalpy of formation, and 
Gibb’s free energy of formation are presented in graphical form for each compound. 
Wherever possible, data have been extended over a wide temperature range. Water 
solubility, lower explosion limit, and upper explosion limit are included in the 
tables to assist environmental and safety engineers. 

The SI and metric units are used for all properties except vapor pressure. Each 
graph displays a conversion factor providing English units. A comprehensive index 
makes all of this vast data readily accessible by formula and compound name. 

This one handy reference provides chemical, environmental, and safety engineers 
with quick and easy access to vital physical property data needed for production and 
process design calculations. 
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